The human cytomegalovirus (HCMV) basic phosphoprotein pp 150, encoded by the UL32 gene, together with the two other major phosphoproteins, pp65 (ppUL83) and pp71 (ppUL82) and several minor structural proteins, form the tegument around the viral nucleocapsid. Experiments were undertaken to locate the area of assembly of tegument proteins ppl50 and pp65 and nucleocapsids in fibroblasts, in order to assess the functional role of these two structural proteins in HCMV morphogenesis. Whereas ppl50 expression starts during the cytoplasmic maturation of HCMV, pp65 is expressed in the early and late phases of HCMV gene transcription. Western blot analysis of isolated cell fractions showed that ppl50 is initially (48 h postinfection) localized in the nucleus, associated either with the nuclear membrane or with viral assembly regions, and later (72 h post-infection) in the cytoplasm. By indirect immunofluorescence, ppl50 and pp65 could be detected in nuclear subcompartments and were strongly associated with the nuclear membrane. Using immunogold analysis by electron microscopy, pp65 was exclusively detected within the matrix of cytoplasmic and extracellular dense bodies and of dense body-like structures in the nucleoplasm. These were localized in close contact with hypertrophic nucleoli, in the proximity of developing nucleocapsids and in special patches at the inner nuclear membrane L Positive immunostaining of ppl50 was observed at the surface of developing nucleocapsids concentrated within viral assembly regions in the nucleoplasm. Additionally, the tegument of cytoplasmic and extracellular virions was stained, whereas dense bodies or nuclear dense body-like structures did not react. Thus, the acquisition of the tegument protein pp 150 seems to start in special nuclear subcompartments of the HCMV-infected fibroblasts.
Introduction
Morphogenesis of human cytomegalovirus (HCMV) starts with the formation and assembly of nucleocapsids in the nucleus of infected cells. This occurs within a fibrillar network that is believed to consist of viral structural proteins and DNA (Mocarski, 1993) . The B capsids, the earliest virus particles so far isolated and characterized, are devoid of DNA and are the immediate precursors of DNA-containing particles (Irmiere & Gibson, 1985) . They are composed of four abundant protein species, referred to as the major capsid protein (MCP; 153 kDa; UL86), the assembly protein (AP; 36 kDa; UL80), the minor capsid protein (mCP; 34 kDa) and the smallest capsid protein (SCP; 10-12kDa) together with several less abundant proteins (Chee et al., 1989; Gibson et al., 1990) . The A capsids, which lack the AP but otherwise have the same protein composition as B capsids, are formed after B capsids and probably a single O-linked N-acetylglucosamine addition, a modification that has also been observed with nuclear pore proteins (Benko et al., 1988) .
Another abundantly produced tegument protein of HCMV is pp65, which is also called the lower matrix protein and is inappropriately over-expressed by cultured fibroblasts with increasing passage (Geballe et al., 1986; Klages et al., 1989) . Dense bodies, non-infectious particles that accumulate in the cytoplasm of infected cells in culture, contain an abundance of the tegument protein pp65, accounting for approximately 95% of their protein mass (Fiala et al., 1976; Irmiere & Gibson, 1983) . However, pp65 is much less abundant in virions. It was found to be the major phosphate acceptor in infected cells and the primary target for phosphorylation in vitro by the virion-associated protein kinase (Michelson et al., 1984; Britt & Auger, 1986; Roby & Gibson, 1986) . Protein kinase activity may also be associated with pp65 itself (Somogyi et al., 1990) . The pp65 associated with virions and dense bodies immediately appears in the nucleus after infection and also occurs in the cytoplasm after synthesis during the later stages of replication (Weiner et al., 1985; Revello et at., 1992) .
The function of these major tegument proteins, as well as the minor tegument constituents, remains unclear, although their abundance and biochemical characteristics predict important roles in viral morphogenesis during cytoplasmic maturation and perhaps during the nuclear transport and budding process.
There is now convincing evidence that mature DNAcontaining nucleocapsids and DNA-free nucleocapsids (non-infectious enveloped particles; NIEPs) leave the nucleus by budding through the inner nuclear membrane at the thickened concave or convex patches characteristic of the maturing virus and enter the perinuclear space (Severi et al., 1988; Radsak et al., 1991; Eggers et al., 1992) . The nuclear membrane is modified with unprocessed viral glycoproteins, particularly gB, that are also present in their processed form on the mature virus envelope (Radsak et al., 1990) . Thus, progeny virions acquire an envelope from the inner nuclear membrane and are found to accumulate in the perinuclear space between the inner and outer nuclear membranes. It can be speculated that the budding process of HCMV nucleocapsids involves specific recognition between viral capsid or tegument proteins of the nucleocapsid and viral membrane-spanning glycoproteins in the inner nuclear membrane. Nucleocapsids in the perinuclear space are then released into the cytoplasm by fusion of their acquired envelope from the inner nuclear membrane with the outer nuclear membrane.
So far, it is still unclear whether loss of AP, DNA packaging and tegument acquisition occur sequentially or concomitantly. DNA packaging in the nucleus is assumed to occur as in herpes simplex virus (HSV)-infected cells (Roizman & Sears, 1993) but there is no evidence of where and when the acquisition of tegument proteins takes place.
The aim of this study was to identify the precise location of the two major phosphoproteins, ppl50 and pp65, in the various cell compartments during the lifecycle of HCMV and their assembly with nucleocapsids, with regard to their possible role during the nuclear transport process.
Methods
Cells and virus. All experiments were carried out with confluent human foreskin fibroblasts (HFF) between the l 8th and 25th passage. The monolayers were cultivated in plastic flasks of various sizes (Greiner; 75 or 175 cm 2 corresponding to 2 x 106 or 8 × 106 cells) or on glass coverslips (8-5 x 104 cells) in Eagle's MEM (Gibco) supplemented with 200 units/ml of penicillin plus 50 ~tg/ml gentamicin and 10% FCS. Prior to virus infection, confluent cultures were partially arrested by serum deprivation (2% FCS for 24 h). The HCMV strain AD169 (Gupta et al., 1977) was used in all experiments at an m.o.i, of 3 to ensure greater than 95 % infection of the cells during the first virus replication cycle. Stock preparations of ttCMV strain AD169 were produced and titrated for infectivity in HFF cells by the endpoint dilution method combined with indirect immunofluorescence using a commercial monoclonal antibody (Du Pont) for the detection of early viral antigen (Kaiser & Radsak, 1987) .
Antibodies. Visualization of gB expression was carried out by immunoblotting with monoclonal antibody 27 156 (Spaete et al., 1988) , which was kindly provided by Dr K. Radsak (University of Marburg, Germany), who originally received this antibody from Dr W. Brin (Birmingham, Ala., USA). The polyclonal rabbit antiserum against HCMV ppl50 was a gift from Dr B. Plachter (University of Erlangen-Nfirnberg, Germany) and Dr G. Jahn (University of Tfibingen, Germany). This polyclonal antibody (XPI antiserum) was produced against a recombinant fl-galactosidase pp150 fusion protein (XP1 ; Scholl et al., 1988) . The monoclonal antibody against ppl50 was kindly provided by Dr M. Br6ker (Behringwerke, Marburg, Germany). This monoclonal antibody was obtained following the immunization of mice with XP1 expressed in Escherichia coli. The polyclonal rabbit antiserum against one pp65 protein segment was produced in our laboratory. In order to induce prokaryotic expression of a fusion protein containing the protein product of a defined segment of the pp65 gene, a BgllI-EcoRI fragment (560bp) of the cosmid pCM1007 containing HCMV HindIII fragments b and c (Fleckenstein et al., 1982) was transferred into pGEX-3X (glutathione S-transferase vector). The correct orientation of the insert in pGEX-3X-pp65 was examined by restriction analysis. The construct was transfected into E. coli JM101 and the glutathione S-transferase fusion protein was produced and isolated from induced cultures (Harlow & Lane, 1988) . Bacterial proteins were removed using a glutathione-Sepharose 4B column (Pharmacia) according to the manufacturer's instructions. The pp65 fusion protein was used for the production of pp65-specific antisera in rabbits. Immunizations were performed by three cycles of subcutaneous injections of 50 to 100 gg of protein according to the scheme of Harlow & Lane (1988) , using ABM-S or ABM-N (Linaris) as adjuvant.
The purity of subcellular fractions was verified using antibodies against human cell markers: lamin B and c-Jun/AP-I (Dianova- Cell fractionation and preparation of extracts. Uninfected or infected HFF monolayers (8 x 10 G) were rinsed twice, harvested by scraping and collected by sedimentation (1000 g for 5 min) in cold PBS containing 100units/ml aprotinin (Trasylol; Bayer) and 1 mM-PMSF. Total extracts of cell pellets were obtained by lysis, sonication and sedimentation of insoluble material in NP40 lysis buffer (150 mM-NaC1, 1"0% w/v NP40, 50 mM-Tri~HC1 pH 8"0, 100 units/ml aprotinin, 1 mM-PMSF).
Cell fractionation for the preparation of nuclei free of cytoplasmic contaminants was carried out at 4 °C by the following method (Radsak et al., 1990) : pelleted cells were swollen with occasional vortexing for 10 min in 30 volumes of hypotonic buffer A (5 mM-sodium phosphate pH 7-2, 2 mM-MgCI~, 0-5 mM-CaCI~, 1 mM-PMSF, 100 units/ml Trasylol); sedimentation at 3000 g was followed by resuspension in 10 volumes of buffer A and disruption in a Dounce homogenizer using an S pestle until greater than 90 % of nuclei were liberated (10 strokes) as examined by phase-contrast microscopy. The homogenate was supplemented with sucrose to a final concentration of 0"3 M. Following sedimentation at 800g for 10rain, nuclei were resuspended in 10 volumes of buffer A plus 0.3 M-sucrose and purified from residual cytoplasmic contaminants by two successive cycles of sedimentation at 2100 g for 15 rain through a 3 ml cushion of 1.62 M-sucrose in buffer A. Nuclear pellets were subsequently washed and sedimented at 1000 g for 15 min in 20 volumes of buffer A containing 0.5 % Triton X-100. Purity of isolated nuclei was monitored by phase-contrast microscopy. Purified nuclei were resuspended in 0.5 ml buffer B (20 mM-Tris-HC1 pH 9, 0'3 M-NaC1, 10 % glycerol, 1 mM-CaC12, 0.5 mM-MgC12, 2 mM-EDTA, 0"5% NP40, I mM-PMSF, 100units/ml Trasylol) and sonicated for 12 s at the maximum setting with a Labsonic 1510 (Braun). 'Nuclear extracts' were obtained after sedimentation of insoluble material at 15 000 g for 15 min. The nuclear extract pellet was suspended in buffer B plus 0.1% Triton X-100. For preparation of membranes (cytoplasmic and plasma membranes), post-nuclear supernatants were first freed from residual nuclear fragments at 10 000 g for 10 rain; membranes were then sedimented from the resulting supernatant at 100000 g for 60 min at 4 °C followed by resuspension in 0.5 ml of buffer B, sonication as described above and sedimentation of insoluble material. The membrane protein fraction was further analysed by extraction in Triton X-114 according to the scheme of Bordier (1981) . (i) Immunoprecipitation. Aliquots of cell extracts of identical TCAinsoluble radioactivity were pretreated by incubation with protein A-Sepharose CL4B beads (Sigma) prior to incubation overnight at 4 °C with polyctonal antisera against pp65 (BgE1) and ppt50 (XP1). Immunocomplexes were incubated with protein A Sepharose CL4B beads for 90 min at room temperature and collected by centrifugation. Following seven washing cycles of the beads with PBS containing 1% (v/v) NP40 and 0.1% (w/v) SDS, the precipitates were subjected to SDS~PAGE followed by fixation and fluorography of the dried slab gels.
Immunoprecipitation and immunoblotting
(ii) Immunoblotting. Aliquots of nuclear, membrane, cytosolic or total cell extracts containing identical amounts of protein (20 gg per sample and slot) were separated by SDS-PAGE and subsequently electrotransferred to nitrocellulose sheets (Schleicher and Schuell). These were then subjected to indirect immunostaining using pp65-specific antiserum (BgE1) or pp150-specific antiserum (XP1). Antibody binding was detected by horseradish peroxidase-conjugated goat antirabbit IgG (Bio-Rad) and visualized by 4-chloro-l-naphthol staining.
Immunofluorescence. Visualization of pp65 and ppl50 expression was carried out by indirect immunofluorescence with pp65-specific rabbit antiserum (BgE1) or pp 150-specific monoclonal antibody (XP1) and secondary rhodamine-conjugated anti-rabbit or anti-mouse goat F(ab')2 immunoglobulin fragments (Dianova); cells were first permeabilized by methanoLacetone (1:1) fixation for 10 min at 20 °C.
Immunoelectron microscopy. HCMV-infected and uninfected HFF cells were washed twice with PBS and fixed in 2.25% (w/v) paraformaldehyde, 1.25 % (w/v) glutaraldehyde and 0.025 % (w/v) picric acid in 100 mM-sodium cacodylate pH 73 for 30 min at room temperature. After fixation, cells were washed twice with 100 mMsodium cacodylate pH 7.3, scraped, sedimented at 14000 g for 10 rain and contrasted in 1% OsO 4 and 1-5% potassium ferrocyanide for 60 min at 4 °C. They were then washed in distilled water and soaked in 0-3 % uranyl acetate and 50 mM-maleic acid pH 5-0 for 60 min at room temperature before being washed in distilled water, dehydrated in graded ethanol and embedded in Epon. Sections varying in thickness from 50 to 250 nm were cut, etched in 10% H~O 2 for 5 min, washed several times with distilled water and PBS and incubated in PBS plus 1% BSA for 30 min. They were then incubated with the respective primary antibody diluted in PBS containing 0.5 % BSA for 2 h, washed several times with PBS and reincubated with secondary antibody, 10 nm gold particle-conjugated goat anti-rabbit or anti-mouse IgGs (Sigma) diluted 1:100 in PBS with 0.5% BSA. Following repeated washing with PBS and distilled water, immunosections were contrasted with lead citrate prior to examination.
Results

Time course of pp65 and ppl50 expression during the HCMV infection cycle
One round of HCMV multiplication in human fibroblasts extends over approximately 72 h. The initial period (approximately 4-6 h) is generally considered the immediate early (IE) phase and the subsequent period until the onset of virus DNA synthesis at 24 h p.i. is termed early. The final phase of extensive production of virus structural components and maturation of progeny virus is termed late (Rapp, 1983; Stinski, 1990) .
The expression of the tegument protein ppl50 was examined in comparison to the tegument protein pp65 during one cycle of HCMV infection in HFF. For these studies, six time points of the HCMV infection cycle were chosen: one at the IE phase (4 h p.i.), two during the early phase (12 h and 24 h p.i.) and three time points during the late phase (48, 72 and 96 h p.i.). Fig. 1 (a) shows the results obtained by immunoblotting using the rabbit antisera against the glutathione Stransferase-pp65 fusion protein (BgE1) and the polyclonal antisera against the fl-galactosidase ppl50 fusion protein (XP1); cell extracts were harvested at the respective time points p.i. and separated by PAGE. The relative amount at 72 and 96 h p.i. In contrast to pp65, the large phosphorylated structural protein ppl50 was first detectable at 48 h p.i., although in small amounts, and showed strong bands at 72 and 96 h p.i., comparable to those of pp65 (Fig. 1 a) . We further compared the de novo synthesis of these two phosphorylated tegument proteins at the various time points p.i. by radiolabelling experiments followed by immunoprecipitation with the respective antisera. As shown in Fig. 1 (b) , the expression of pp65 was already detectable at 12 h p.i. and then continuously increased up to 96 h p.i. In contrast, the newly synthesized ppl50 was first detected at 48 h p.i. and reached its peak at 72 h p.i., followed by a sudden decrease in biosynthesis. tegument protein pp65 was detectable at all time points p.i., although the signal at 4 h p.i. was very low. Two protein bands, at 65 kDa and 55 kDa, were always detected. Whereas the protein band at 55 k D a also appeared in the mock-infected cell extract, the size of the upper band of 65 kDa increased corresponding to the maturation process of HCMV, showing the largest
Detection of the major structural phosphoprotein ppl50 in nuclear extracts
In order to investigate whether capsids are already associated with tegument proteins in the nucleus, the localization of ppl50 in comparison to pp65 was examined in different cellular compartments during the replication cycle of HCMV. AD169-infected and uninfected cell cultures were subjected to cell fractionation at 48 and 72 h p.i. in order to obtain nuclear, total membrane and cytosolic fractions. Purified nuclei were fractionated into a soluble nuclear extract and an insoluble nuclear pellet containing nuclear membranes, DNA, nucleoli and nuclear viroplasm (Landini et al., 1987) , as substantiated by electron microscopy (data not shown). The total membrane fraction contained cytoplasmic membranes, e.g. endoplasmic reticulum, plasma membranes and dense bodies. Electrophoretic separation of nuclear extract, membrane and cytosolic fractions was followed by immunoblotting with polyclonal antibodies c~-ppl50 XP1 and 0~-pp65 BgE1. In parallel, antibodies against human cell-specific markers in nuclear extracts (c-Jun/AP-1), nuclear membrane (lamin B), total membranes ( T R A M as a marker for the rough endoplasmic reticulum; G6rlich & Rapoport, 1993 ) and the cytosolic fraction (lactate dehydrogenase) were used in immunoblot analysis to verify the purity of the different subcellular fractions. The antibodies against these chosen cell markers only detected the antigen in their specific subcellular fraction (data not shown). In the soluble fraction of nuclear extracts, pp 150 and pp65 were found 72 h p.i., whereas in the pellet fraction of sonicated nuclei, ppl50 and pp65 were already detectable at 48 h p.i. (Fig. 2) . In the cytoplasm pp65 and ppl50 appeared only to be associated with the membrane fraction and not as soluble proteins in the supernatant (Fig. 2) . Thus, the tegument protein ppl50 is already localized in the nucleus at 48 h p.i., associated with either the nuclear membrane or the viroplasm. .gpp150 ~lpp65 Fig. 2 . Western blot analysis of tegument proteins ppl50 and pp65 from nuclear extracts, total membrane (membranes) and cytosolic (cytosol) fractions prepared at 0 h (lanes 1), 48 h (lanes 2) and 72 h (lanes 3) p.i. Purified nuclei were sonicated and soluble nuclear extracts (SN) were obtained after sedimentation of insoluble material (P). Cell fractions (50 I~g) were separated by SDS-PAGE (8 % polyacrylamide) under reducing conditions and subjected to immunoblotting with polyclonal antisera to ppl50 (XP1) and pp65 (BgE1). The arrowheads on the right side indicate the positions of ppl50 and pp65. The positions of molecular mass markers are indicated on the left.
Extraction of the membrane fraction in Triton )(-114
The cell fractionation experiments indicated that the tegument protein pp65 was found in the total membrane fraction (Fig. 3) . One reason for this localization could be the sedimentation of cytoplasmic dense bodies and autophagic vacuoles containing dense bodies, produced in excess, together with the membranes (Severi et al., 1988 (Severi et al., , 1992 . Therefore, additional experiments were performed to define further the association of the tegument protein pp65 with the membranes. The total membrane protein fraction of HCMV-infected H F F was extracted in Triton X-114 at 96 h p.i., according to the scheme of Bordier (1981) , and the detergent and aqueous phases were separated by P A G E and immunoblotted with either ~-pp65 or monoclonal antibody ~-gB. As shown in Fig. 3 , the ~-pp65 polyclonal antibody not only recognized pp65 in the aqueous phase but also in the detergent phase. In contrast, the integral membrane glycoprotein gB, which has only one transmembrane domain, was found in the aqueous phase (Mach et al., 1986; Cranage et al., 1986) .
Subcellular localization of tegument proteins ppl50 and pp65 by immunofluorescence
In order to define the subcellular locations of tegument proteins pp65 and ppl50 during their maturation, uninfected and HCMV-infected H F F were subjected to indirect immunofluorescence using ~-ppl50 and ~-pp65 at each of the six time points. With the 0c-pp65 antiserum (BgE1), a positive signal was recognized in the nucleus at 4 h p.i. (data not shown). No staining of the cytoplasm was observed. Cells at 12h p.i. showed a similar distribution pattern, but the staining of the nucleus became stronger (data not shown). After 24 h p.i., the nuclear staining was even stronger and, additionally, a faint diffuse staining of the cytoplasm was visible (Fig.  4a) . The cytoplasmic immunofluorescence staining changed dramatically after 48 h p.i. (Fig. 4b) . It became granular with a condensed, 'cap-like' localization around the nucleus, which probably represents the place of cytoplasmic maturation, the wrapping of virus particles by endosomal cisternae derived from tubular early endosomes accumulating around the centrioles (Tooze et al., 1992) . The staining of the nucleus was limited to defined nuclear subcompartments. During the late phase of the infection cycle at 72 and 96 h p.i., the specific cytoplasmic staining increased continuously, whereas the immunofluorescence of the nucleus declined. The monoclonal antibody ~-ppl50 (XP1) did not detect any protein during the infection cycle up to 24 h G. Hensel and others (e) p.i. (data not shown). Starting at 48 h p.i., a similar staining pattern to the one of pp65 was observed (Fig.  4 c) . ' Cap-like' granular structures near the nucleus were intensely stained by the antibody. Also, as in the case of the pp65 immunofluorescence, nuclear membranes and defined nuclear subcompartments were heavily stained; these were also readily observed by phase-contrast microscopy (data not shown). Some cells also showed positively stained vesicle-like structures distributed in the cytoplasm (Fig. 4d) . With both secondary antibodies used in this study, anti-rabbit and anti-mouse F(ab')2, a faint granular background staining was observed over both the nucleus and the cytoplasm (Fig. 4e,J) . This was, however, distinct from the staining caused by both primary antibodies.
Localization of ppl50-specific staining in the nucleoplasm of infected cells by immunoelectron microscopy
To define more precisely the location of ppl50 in the cytoplasm and, in particular, in the nucleus in comparison to the location of pp65, immunoelectron microscopy was performed on thin sections of infected HFF cultures 96 h p.i. As shown in Fig. 5 , the polyclonal 0~-pp65 antiserum (BgE1) reacted with Epon-embedded cell material and produced very few background reactions. In the nucleoplasm (Fig. 5a, b) , occasional circular electron-dense structures, mainly localized in contact with hypertrophic nucleoli, were found to be associated with specific gold label. These structures may represent nuclear dense body-like material. DNA-free and DNA-containing nucleocapsids at various stages of formation were found immersed in these nucleoli and in close contact with the pp65-positive dense body-like structures. The developing nucleocapsids themselves were not stained by the antibody. Additionally, pp65-specific gold labelling was occasionally associated with electron-dense material at thickened concave or convex patches of the inner nuclear membrane (Fig. 5a, c) . Occasionally, nucleocapsids were observed between inner and outer nuclear membranes in the perinuclear space during transport budding (Fig. 5 d) . These virus particles were also pp65-negative, but specific gold label was found at the inner nuclear membrane in the nucleoplasm adjacent to these particles. Fig. 5 (e) and (f) show virus particles during and after cytoplasmic virus maturation. Cytoplasmic dense bodies in various stages of envelopment were strongly stained, whereas cytoplasmic enveloped NIEPs and virions did not react (Fig. 5 c, e) . In rare cases a single gold particle was observed over virions or N I E P s ; this m a y be b a c k g r o u n d staining. The same staining pattern was revealed with extracellular virus particles (Fig. 5f ). Dense bodies were stained positively whereas virions and N I E P s remained negative.
In contrast to the BgEl-specific gold labelling, the 0~-p p l 5 0 a n t i b o d y (XP1) detected cytoplasmic and extracellular N I E P s and virions or nucleocapsids, but no dense bodies or nuclear dense body-like structures, as d e m o n s t r a t e d in Fig. 6(a)-(d) . In the nucleoplasm (Fig. 6a ), ppl50-specific gold labelling was observed at local regions where DNA-free nucleocapsids accumulated. The regions probably represent nuclear subcompartments where the assembly of nucleocapsids takes place. The specific immunostaining was localized in the direct proximity of nucleocapsids and sometimes exactly at the surface of viral DNA-containing or DNA-free nucleocapsids (Fig. 6 a, c) . No pp150-specific gold labelling was found at the border of the inner nuclear membrane. It is noteworthy that the large dense body in the cytoplasm shown in Fig. 6(a) did not react. Extracellular NIEPs and virions demonstrated a ppl50-specific gold labelling which was sometimes located exactly between capsid and envelope (Fig. 6b, d ). Extracellular dense bodies were again not stained.
Discussion
The gene for the HCMV tegument protein pp65 has been shown to be a member of the early-late class of genes that are expressed at low levels early in the infection cycle and are greatly amplified after DNA replication. (Geballe et al., 1986; Depto & Stenberg, 1989) . Low levels ofpp65 RNA have even been detected as early as 5 h after infection, remaining relatively constant through 24 h and increased significantly at 48 h p.i. (Depto & Stcnberg, 1989) . Our results confirm these former reports. The presence of pp65 at 4 h p.i. was most likely due to translocation of pp65 after virus entry. It has previously been shown that virion pp65 accumulates in the nucleus before immediate early proteins, during early stages of the HCMV replication cycle (Revello et al., 1992; Grefte et al., 1992) . The appearance of pp65 in the nucleus within 1 h p.i. in the presence of cycloheximide indicated that it represented uptake from the virus inoculum rather than newly synthesized protein.
In contrast to pp65, the large structural phosphoprotein ppl50 demonstrated the typical expression pattern of proteins belonging to the late class of gene products that are only expressed after DNA replication, starting at 48 h p.i. (Geballe et al., 1986; Jahn et al., 1987) .
In spite of the differences in expression, both tegument proteins were detected in nuclear extracts of HCMVinfected HFF. Both pp65 and ppl50 are first, at 48 h p.i., associated with the inner nuclear membrane and especially with the viroplasm and nuclear subcompartments, where the assembly of nucleocapsids and probably also the acquisition of the tegument takes place. Later during the HCMV infection cycle, at 72 h p.i., tegumented nucleocapsids are present and these leave the assembly regions. Both tegument proteins were found in the total membrane fraction because cytoplasmic virions and dense bodies were sedimented together with the membranes. Interestingly, pp65 demonstrated an affinity for the detergent phase following extraction of the membrane fraction in Triton X-114, which is unusual for a cytosolic non-membrane protein and could suggest an unspecific affinity of this protein for lipids.
Our biochemical findings concerning the nuclear localization of pp65 and especially of ppl50 were fully supported by the indirect immunofluorescence studies. Starting at 48 h p.i., several nuclear subcompartments reacted with the anti-ppl50 antibody or the anti-pp65 antiserum. In the case of pp65, infected cells demonstrated a staining of their nuclei during the entire infection cycle. At early times during infection, all of the nucleus was evenly stained whereas later only specific areas in the nucleus reacted with the respective antibodies. These nuclear subcompartments could correspond to the large ring-shaped or reticular structures filled with developing nucleocapsids (' skein') observed by Severi et al. (1992) . Additionally, the nuclear membranes of some HCMV-infected fibroblasts were stained. One explanation for this observation could be that tegument proteins accumulate and form patches at the inner nuclear membrane, into which the mature nucleocapsids bud, as assumed for HSV (Roizman & Sears, 1993) . Some support for this assumption was found in the case of pp65 by our immunoelectron microscopy analysis. Here, pp65-positive concave patches of electron-dense material, sometimes containing virions, were observed at the inner nuclear membrane.
The anti-pp65 antiserum only detected pp65 in cytoplasmic or extracellular dense bodies and in nuclear dense body-like structures. These results suggest that either the epitopes recognized by the anti-pp65 antiserum are hidden by other tegument proteins in the assembled virions or that the concentration of pp65 in the tegument is too small to be detected by immunoelectron microscopy using this specific anti-pp65 antiserum. Our findings are in agreement with the results of Landini et al. (1987) who found by immunoelectron microscopy that pp65 was exclusively present within the dense body matrix, and with the findings of Fiala et al. (1976) who also detected pp65 by SDS-PAGE only in the dense body fraction after separation of virions and dense bodies from extracellular medium.
Our fine-structure studies of nuclear dense body-like structures, using ~-pp65 antibodies, confirm the observations by Severi et al. (1992) . Nuclear roundish electron-dense structures were mainly localized in contact with hypertrophic nucleoli or immersed in a slightly electron-dense granular material which turned into ringshaped or reticular structures (skein) filled with nucleocapsids at various stages of formation (Landini et al., 1987; Severi et al., 1992) . Nuclear dense bodies in a cell are considered to be an expression of a stimulated and metabolically active state and they seem to derive from the nucleolus by a budding process. The function of pp65 in the nucleoplasm and the cytoplasm is still unknown. However, pp65 is a protein kinase (Somogyi et al., 1990) and so one can speculate that its kinase activity is needed in the nucleoplasm for the assembly of nucleocapsids or the transport process of nucleocapsids through the lamina and nuclear membranes.
The nuclear localization of the large structural tegument protein ppl50 observed by our biochemical and immunfluorescence studies was supported by immunoelectron microscopy. In particular, specific gold particles were observed bound to the surface of A and B capsids, containing no DNA, that were concentrated within the large nuclear skein structures. The results obtained in this study suggest that acquisition of the tegument protein ppl50 takes place in these special nuclear subcompartments where nucleocapsids assemble and that pp 150 acquisition may precede DNA packaging of nucleocapsids. Probably, acquisition of tegument proteins is not uniform, because the structural protein pp28 has been exclusively detected on the outline of cytoplasmic virions and intranuclear nucleocapsids were always pp28-negative (Re et al., 1985; Landini et al., 1987) . This suggests an essential function for ppl50 during the assembly of nucleocapsids or during the nuclear budding process. The obvious absence of pp 150 from nuclear dense body-like structures also indicates a specific nucleocapsid-nuclear membrane interaction.
